as well as previous experimenters, made use of solutions of organic matter, mostly infusions of different kinds, heated to 100°to 105°CC. for varying periods, and subsequently protected, more or less securely, from external contamination. All these solutions or infusions must have been more or less teeming with bacteria of different kinds, as well as with torule and germs of common moulds. This would have been notably the case with hay infusions, which were so largely used by Tyndall. These experimenters made no attempt whatever to exclude such organisms and their germs. They trusted to what was known and well established concerning the lethal influence of heat on living matter immersed in fluids, and consequently to their ability to sterilize the solutions and vessels used. Having extinguished all life in their media and receptacles, they exposed them for varying periods to what were considered suitable incubating temperatures. Then, if evidences of fermentation showed themselves within the experimental fluids, they were seemingly content to account for it as a result of some error; while their numerous negative results impressed them so strongly that they were induced to favour a general conclusion far wider than was warranted by their premises.
My own experiments have been of the same order, only much more stringent, seeing that instead of infusions of organic matter I have of late been dealing with saline solutions only-always contained in hermetically sealed vessels, and, moreover, often heated to temperatures very much higher than those employed by my predecessors. My saline solutions have also contained some bacteria, toruloid corpuscles and germs of mould, though probably very much fewer than those existing in the organic infusions dealt with by Pasteur and Tyndall, whose experiments have been believed to be so decisive.
Thus, if from the basis of their negative results they felt themselves warranted in proclaiming their belief that the present occurrence of spontaneous generation " was a myth or chimera-a view which has been so widely accepted-how much stronger is my warrant for the opposite belief, looking to the very numerous occasions on which, when opening previously sterilized tubes and solutions, I have taken therefrom undoubted living organisms?
Even one such positive result free from all error is, of course, worth more than any number of negative instances. It will be well to consider, therefore, the various possibilities of error that have been suggested.
Pathological Section (II) Reply to Criticisms.
Some of my critics-mostly not biologists, and presumably not thoroughly acquainted with bacteria and toriulae-have supposed that what I have taken from my tubes have been mere pseudo-organisms, such as Leduc, Herrera, Jules Felix, the brothers Mary, and other plasmogenist § are able to produce from various saline solutions-bodies which undoubtedly often simulate organic forms with great exactness. This, however, is an absolute error not likely to be shared by biologists, FIG. 1. One of several groups of small torulse beneath the same cover-glass, as taken direct from a tube containing a yellow solution, exposed to light, which had been heated seven months previously to 1000 C. for twenty minutes on three successive days. (x 700.) and one which is shown to be erroneous by the fact of the free multiplication of my organisms when taken from their own media and introduced into other quite different nourishing fluids.'
Others do not doubt that the organisms found and photographed I Solutions of 3 per cent. glucose and of 5 per cent. cane-sugar, as well as the ammonic tartrate solution. are real organisms, but cannot believe that they have really been engendered within the tubes. Somne of these suggest that the organisms -found have rushed into the tube from the atmosphere when its neck has been filed off. But there is practically no inrush of air at this time; certainly none that would suffice to carry atmospheric germs at once through the fluid (about 1l in. deep) to the sediment at the bottom of the tube, where the organisms are always found.
Others suggest that the organisms may have been contained in the pipette; but this is always thoroughly heated in a spirit lamp flame just before it is introduced into the freshly opened tube. And when a small quantity of the sedimnent is obtained by the pipette, it is at once transferred to a thoroughly clean microscope slip and covered with a cover-glass.
Then torulhe are supposed by some of my critics to fall from the atmosphere on to the drop of fluid on the microscope slip during the moment or two that it remains uncovered. This supposed explanation, however, of the presence of organisms found by me is mere unsupported theory, as anyone would soon find who set himself to discover torulae in the way suggested, and by an examination of fig. 1 . That such formed organisms, and often in such numbers, could have been gathered from the atmosphere during the transit of the pipette for 1 or 2 ft. from the mouth of the tube to the microscope slip, and before the drop of the solution is covered, is, in fact, devoid of all probability; and will be shown to be so by the numerous cases subsequently to b-e referred to in which, during similar examinations of various series of other tubes (barren), no organisms whatever could be found.
Other critics are content to assumne that the organisms found are not living. They believe them to be dead organisms-some of those preexisting in the experimental fluids, but killed by the heat to which they and the tubes have been subjected. This objection requires to be looked at in more detail, because it is admitted that some few organisms may be found in the experimental fluids, derived from two of the constituents of such solutions-namely, "the sodium silicate and the ammonium phosphate-the dilute phosphoric acid, the liquor ferri pernitratis, and the freshly distilled water being, however, free from them.
Any such pre-existing organisms would, of course, have been killed by the sterilizing process, but seeing that in each tube there would only be one to three drops of the dilute sodium silicate either alone (in the yellow solutions) or in association with 3 or 4 gr. of ammonium phosphate, as in the colourless solutions, these pre-existing organisms could Pathological SectiQnz never be very numerous within the tubes. It is very important to note, moreover, that nothing like well-developed torulh are ever to be seen in either of these newly prepared solutions. There are, however, often a few very minute spherical organisms (such as are shown in fig. 14 of " The Origin of Life ") and, more rarely, a minute mould may be found when a " control " tube is opened, and some of the sediment is examined the day after the sterilizing process. But let several months elapse, with suitable exposure to light or heat, before other tubes of the same series are opened, and then these minute " elementary organisms," as Professor Hewlett terms them, may be found in large numbers within the tubes, and staining freely "A FiGo 2.
Large group of the elementary organisms taken from a tube containing a colourless solution which had been exposed to light for nine months after having beent heated to 1350 C. for five minutes. (x 700.) Another sample of the sediment from this,tube was ringed with paraffiin, and after four days swarms of torulbe were found beneath the cover-glass.
with eosin or carbo-fuchsin. These primitive organisms are very slow and sluggish in their growth, requiring some months for origination and for their development from ultra-microscopic particles to the minute embryo bodies that are often so numerous, but which may not always be easily shown to be living in the way that is open for torule and bacteria. Still, when tubes containing them have been closed, and then kept undisturbed for twelve months or so, they have often been found to have given rise to minute moulds, mostly of the Streptothrix type. The fact, however, that such minuLte organisms are either very scarce or not to be found at all in control tubes, and to be abundant after months in other tubes of the same series which have never previously been opened, is conclusive evidence that they have developed and multiplied within the tubes. At other times, moreover, these " elementary organisms" are found to be associated with well-developed torule or with bacteria, which can be shown, in the course of a few days, to be living by the growth and multiplication which they undergo under the conditions irldicated at p. 39 of " The Origin of Life," that is, either (a) by their multiplication on the microscope slip, beneath a cover-glass which has been ringed with paraffin; or (b) after their inoculation into certain nourishing fluids that have been previously sterilized. The so-called " elementary organisms " are, as I believe, to be regarded either as potential embryo torulhe or as fungus germs.' At times when they have been inoculated into a sterilized ammonic tartrate nourishing solu- Bacilli and a minute mycelium, stained with eosin, from a colourless solution which had been heated to 1000 C. for twenty minutes on three successive days, and was opened after having been six months in an incubator, first at 270 C. and then at 37°C. ( x 700.) tion swarnms of full-grown, budding torule have been found after a few days; while when left in their own tubes at ordinary room temperature for many months minute moulds have, as I have said, been found within the tubes, one of which is shown in fig. 4 ..
Finally, other critics, unable from the evidence adduced to doubt that what I have taken from my tubes have been veritable organisms rather than mere pseudo-organisms; that they have really been taken 'Associated with them there can often be seen a number of particles of different sizes "down to the minimumz visible stage," doubtless representing different stages in their growth and development. Precisely similar associations with growing torule were seen and described by me in "The Beginnings of Life," 1872, i, pp. 281-83. at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from from the tubes; and that they have been really living organisms, fall back upon the only remaining means of staving off the conclusion that they have been engendered de novo within the tubes. They hint darkly that some desiccated germs (hitherto unknown) may have been able to survive in the heating processes to which I have had recourse-though these have included exposures from five to twenty minutes to temperatures ranging from 120 to 1450 C., or else the method vaunted by Tyndall as lethal for all desiccated germs, and now universally trusted by bacteriologists as a safe means of sterilization.
FIG. 4.
Mould from a colourless solution which had been heated to 1300 C. for ten minutes in an autoclave five months previously to its being first opened, when numbers of the elementary organisms were found but no moulds. The tube was then securely closed and opened again after the lapse of twelve months, when numbers of small moulds of Streptothrix type were found on the flakes of silica, as well as a much larger mass, part of which is here shown. (x 500.) Strange that this objection should be raised now, seeing that my earliest results in 1870 were disbelieved in by Huxley, Burdon Sanderson and others because of the strength of their belief lhat bacteria and torula could not survive a heat of even 1000 C. for a few minutes in fluids; and seeing that Pasteur himself never thought it needful to use a higher temperature than 1100 C. in any of his experiments. This objection is, however, a sort of refuge of the destitute which has always played a large part in discussions concerning the de novo origin of life.' But where are the obdurate desiccated germs imagined to come from, and why have they hitherto eluded discovery? They cannot exist in the yellow solutions which contain only about two or threê drops of the dilute sodium silicate solution and four drops of the liquor ferri pernitratis to the half ounce of distilled water, yet it is precisely these particular solutions which I have found to yield a distinctly greater variety of organisms than the colourless solutions, into which desiccated germs might be introduced by the 3 or 4 gr. of ammonic phosphate contained in each tube. Different kinds of mould have often been found in these yellow solutions, two of which are shown in figs. 5 and 6. Any such doubt is, however, easily solved by introducing 5 or 43 gr. of this salt into 1 oz. of the sterilized ammonic tartrate nourishing solution, and boiling it merely for five instead of twenty minutes on three successive days. Treated in this way ammonic phosphate crystals cannot be shown to contain living organisms capable of resisting even such comparatively low temperatures and short exposures, though the tubes may have been kept under favourable conditions even for seven or eight months. And that the suggestion is groundless in the present case is shown by the fact to which reference has been made on p. 60 touching the barrenness of tubes when their solutions have been made from old samples of sodium silicate or colloidal silica, though these solutions can be easily shown (by inoculation) to be still capable of favouring the free growth and multiplication of organisms.
Further, it must never be forgotten that torulhe and micrococci, which have so frequently been taken from the tubes (and more especially the former), are not known to be capable of resisting temperatures even of 600 to 70°C. for two or three minutes.
After what has been stated on p. 58 (loc. cit.) concerning the sterilization of the tubes employed, no one has ventured to renew a previous objection and say that the experimental vessels have not been sufficiently flambes. All germs on the tubes, when nearly red hot, -would have been effectually burned off.
FIG. 5.
Nould of Streptothrix type as taken from a tube containing a yellow solution, which after having been heated to 1000 (C. for twenty minutes on three successive days, was exposed to light for seven months. ( x 300.)
FIG. 6. Part of a much larger mould of the same type as the last, as taken from a companion tube which had been similarly treated and similarly exposed to light for seven months. ( x 300.) (III) Concerning the New Experiments and what should be done in further Trials.
(A) Exposure to Daylight or in the Incubator. One of the first points as to which I needed further information was the extent of exposure to direct sunlight that was advisable.
As related (loc. cit., pp. 50, 56), I had found that exposure of the tubes inside a south window during the last three to four weeks, before the opening of them, was followed by good results; though I was always rather doubtful whether this was not merely due to the increased heat to which they and the solutions were thus subjected.
In the spring and summer of 1911 a number of tubes were exposed from the first inside a south window, the weather being unusually bright and warm during most of the time. The result was that when the time came for their examination the solutions were found to be nearly all barren. As I subsequently ascertained that the teimperature of the window ledge on which the tubes stood rose often daily for some hours to 430 C., or even rather higher, I am disposed to think that the harm was probably more due to the prolonged and repeated high temperatures than to the effect of the mere actinic rays through the thick window glass and that of the tubes. In view of this experience I now advise that all tubes exposed to light should be placed just inside a north or, better still, a north-east window; unless they can be put into a conservatory, and protected there from the direct rays of the sun.
Tubes exposed to light should not be examined till nearly six months have elapsed, in summer; or eight to twelve months when much of the time of exposure has been in colder and duller weather. During winter months I have, however, of late made use of the incubator, maintained at 270 and at -370 C., and I prefer half of the time to be at the lower and half at the higher temperature. I cannot say positively at present whether it would or would not be desirable to use the higher temperature from the first; though I have found that a final temperature approaching 430 C. for two weeks has been distinctly harmful, often apparently killing plenty of toruhl, found wh4en the tubes were opened.' Exposure to such a. high temperature from the first, therefore, would I On two or three occasions they bave really been very numerous, but apparently dead, as no evidence of subsequent multiplication could be obtained. It looked as if growth and multiplication had been at first stimulated, and that the continuance of the high temperature had ultimately killed the torule.
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probably prevent the evolution of organisms, and thus would explain the barrenness of the tubes that were exposed from the first to the hot sunlight of 1911. Tubes exposed in the incubator should not be opened under four to six months.
(B) New Combinations Tried.
As the organisms were often so scarce in the experimental solutions, and this might be considered due to the scarcity of carbon within the tubes, I made a series of tentative experiments trying to remove this disadvantage; as a result of which I found that the colourless solutions could be varied by the addition (to each fluid ounce containing the ordinary constituents) of 4 gr. of neutral ammonic tartrate with 2 gr. of sodic phosphate; and also by the addition to each ounce of 4 gr. of ammonic carbonate, or 6 gr. of pure glucose. Trials with the first of these more complex solutions yielded torulae with one sample of sodium silicate, but not with another; though the organisms were not notably more abundant than they had previously been found to be in a similar solution without the additions indicated. Those in which ammonic carbonate was added have all been barren; and those with the addition of glucose have also all been barren. In the latter case, however, the solutions were unfortunately made this spring with some of an old sample of sodium silicate.' Further trials with the addition of glucose ought therefore to be made. None of these additions could be made to the yellow solutions without causing their complete decomposition.
Another variation in the solutions with which trials have been made has been the substitution of Kahlbaum's 10 per cent. sodium silicate for one of the ordinary commercial preparations. This was used in the proportion of fourteen drops to the ounce for the colourless solution, and seven drops for the yellow solution-the quantities of the other ingredients being in each case those usually employed. But in all these trials the solutions have either been almost barren, or have only yielded bodies of an uncertain nature. Torule have never been found in either of them, though in the yellow solutions what appeared to be large s4usage-shaped bacilli were taken from three tubes of the same series.
'Though the tubes were opened after they had been in the incubator for six months no organisms of any kind could be found. I then inoculated each of the tubes with three drops of a turbid ammonic tartrate solution and replaced them in the incubator. At the expiration of only two days each fluid was slightly turbid and swarming with bacteria. It seenms clear, therefore, that in the ordinary commercial sodium silicate additional elements must be present that are not found in the 10 per cent. solution, and which, in some way, help to favour the evolution of living units.
(C) Preparation of the Solutions.
A very important point has only lately been thoroughly brought home to me, which is, that too old solutions of sodium silicate must not be employed. I have carefully kept the solutions obtained in the spring of 1910, not only with the view of myself repeating combinations which I had previously found successful, but in order that I might give others, desiring to repeat my experiments, some of the actual materials used by me.
During the present year solutions prepared exactly as they had been in the previous summer and earlier have no longer been yielding torulhe and bacteria as of old. I found first that the yellow solutions, made exactly as they had been before, became decomposed, and that the colourless solutions which, after the heating process, should have yielded a slight amount of deposit showed none at all. Thus many tubes were spoiled. And when, by slight alterations in the number of drops of the dilute sodium silicate for the colourless solutions, I succeeded again in producing a scanty deposit after heating, even then, after due exposures either to daylight or in the incubator, no torule were found when the solutions came to be examined. The deposit itself, moreover, had often not the same character as of old. These irregularities caused me much perplexity at first, but I have now come to the conclusion that they must be due to changes which have taken place in the stock supplies of sodium silicate that I have been using since the spring of 1910. That these have undergone some change is now indeed obvious, since at the bottom of each bottle there is a white, cloudy deposit nearly an inch in depth, which has been gradually increasing. This was comparatively unheeded by me, as when using either of the solutions I had been accustomed to withdraw with the pipette only some of the clear supernatant fluid.
Several times during this year solutions that I have prepared, exactly like those which formerly yielded a fair amount of torule, have proved, after similar exposures, to be so barren that not a single torula could be found. I had not suspected this kind of degradation with the ordinary commercial sodium silicate, though I had nine months ago recognized that the dilute colloidal silica with which I was so uniformly successful in 1910 had in some way lost its virtues, seeing that the next time I used it, after an interval of eight months, solutions similarly prepared and similarly treated no longer yielded torule as before. I looked upon this as a well-known unstable fluid, liable to undergo change; but had not suspected that the commercial sodium silicate might also, though after longer periods, undergo changes and similarly become less productive when used as a constituent of one of the previously fertile solutions.
How soon the colloidal silica undergoes these harmful changes I am at present unable to say, but I am afraid it does so even in the course of a few months. In his original description Professor Graham said 1: " Another and eminently characteristic quality of colloids is their mutability. Their existence is a continued metastasis. . . . The solution of hydrated silicic acid, for instance, is easilv obtained in a state of purity, but it cannot be preserved. It may remain 'fluid for days or weeks in a sealed tube, but it is sure to gelatinize and become insoluble at last. . .2 To the gradual manner in which colloidal changes take place (for they always demand time as an element) may the characteristic protraction of chemico-organic changes also be referred."
Dr. Rosenheim was kind enough to prepare and give me a new supply of the very dilute colloidal silica last November, and a few tubes were at. once charged in which it was one of the constituents. Two of these were examined after they had been only five and seven weeks respectively in the incubator, and no torulae were found after these short periods; while two others were opened after thirteen weeks, one of which had been in the incubator and one exposed to light, and in each of these latter tubes a moderate number of typical torulae were found. Other solutions were made with it barely four months after it had been received. Two of these tubes were examined after seven weeks and no toruloe were found. While others were recently examined after four to seven months, and they also, much to my surprise, have been barren. I fear, therefore, that this new supply of colloidal silica had already undergone some harmful changes even after the comparatively short period of four months.
The fact of the barrenness of solutions in which old samples of commercial sodium silicate, or not quite fresh solutions of colloidal ' Phil. Trants., 1861, cli, p. 183. silica, had been used is of itself a convincing proof that the temperature to which these and other tubes have been submitted has sufficed to kill any organisms that the solutions may have originally contained; while the fact that organisms are much more abundant in these old stock solutions than they are in fresh supplies, and that they go on increasing in them, shows that their capability of favouring mere growth and multiplication of such organisms is in no way diminished. The remainder of my stock solution of colloidal silica is clear like water, but there is now a slight sediment which on examination is found to be composed of bacteria, toruloid corpuscles, fungus germs and minute moulds. Numbers of such organisms may also be found mixed with the white deposit in the bottles in which the old commercial silica has been standing.
I have, moreover, inoculated the barren solutions, in many of the tubes of which I have been speaking, with organisms taken from the old stock supplies, or with 6thers growing in a contaminated ammonic tartrate solution, and have found that the organisms grew and multiplied freely in these previously barren tubes, thus showing that it was not the power of nourishing organisms which had been lost in the solutions made from the old supplies, but what, owing to some change, we can only regard as the capacity for engendering them. It also explained what for a time was a great puzzle to me, that is, why solutions precisely alike in their constitution and the conditions to which they had been subjected should at first be fertile and then, when prepared at a later date, should be barren.
From what I have said, it seems clear that it is better not to work with ordinary commercial sodium silicate which is more than twelve months old, and that the dilute colloidal silica used should be only recently prepared.' It must be recognized also that no two samples Looking to the uniformly successful results that I obtained when working with the freshly prepared, very dilute colloidal silicic acid, it is much to be desired that others should repeat these particular experiments. Dr. Rosenheim has kindly sent me the following details concerning the mode in which, by a modification of Graham's method, he prepared the weak solutions, samples of which were given to me: "66 c.c. of Kahlbaum's sodium silicate (10 per cent.) were diluted to 200 c.c. with distilled water, and the solution was poured into an equal volume of water containing 20 c.c. of concentrated HCl." " A specially prepared appendix from a sheep (see ' Handbuch der biochem. Arbeitsmethoden,' E. Abderhalden, iii, p. 10) was filled with the slightly opaque solution and suspended in the dialysing apparatus of Wiechowski (see ibid., iii, p. 177). Dialysis against running distilled water was carried on for ten days until the dialysate was perfectly free from chlorides." The first sample given to me was, according to Dr. Rosenheim, " a pure 0-01 per cent. solution of colloidal silica" (see "I The Origin of Life," p. 52, note 2). Kahlbaum declined to supply any such solution, partly because of its instability. are exactly alike,1 so that in order to estimate the amount of the dilute sodium silicate to be used when dealing with a new supply tentative trials must be made, as described at p. 30 of " The Origin of Life "; the aim for the colourless solutions being to obtain only a quite small amount of deposit after the fluid, boiled for ten to twenty minutes, has been subsequently cooled; while for the yellow solution, when cooled, the aim should be to obtain also a minute amount of deposit from a fluid having a pale port wine colour, or else (when the amount of the silicate is at times only very slightly more) a pale canary-yellow colour.
After trials of this kind have been made the worker will know how many drops of the dilute sodium silicate with which he is dealing should be used to the ounce for the yellow and for the colourless solutions respectively; and he may be fairly certain that the results will be similar for the hermetically sealed tubes after the sterilizing process if they have been charged with similar solutions.
In the actual preparation of the fluids a certain order should be observed. Thus, for the yellow solution it is important that the liquor ferri should be added to the distilled water first, and then the dilute silicate drop by drop.2 For the colourless solutions I have of late been dissolving the ammonic phosphate and filtering the solution first, through the finest (No. 0) Swedish filtering paper, to remove minute impurities Quite recent experience leads me to think that the commercial product is now more variable than ever, owing perhaps to the fact that it is no longer much used by surgeons. Samples that have lately been supplied to me have varied very much, so that it is more than ever important to make use of recently prepared pure colloidal silica. (November 23, 1912.) This sample of sodium silicate would not yield the port wine colour of solution such as I had often obtained with other samples. With another supply tested on the same day the results were equally variable, but different. In charging tubes with some of the supply, results with which are given above, I used a 6: 8 solution, as the deposit with time tends to increase slightly. that may be found with the crystals, before adding the dilute phosphoric acid and then the dilute sodium silicate.1
Of late, in order to be able to pursue these studies where I live, in the country and away from a laboratory, I have been boiling the tubes for twenty minutes on three successive days rather than heating them as before to higher temperatures in an autoclave or an oil-bath.
(D) Examination of the Solutions.
When examining the solutions I use a pipette about 8 in. long, having a bore of 3 mm. and provided with a rubber teat at its expanded upper extremity. It is desirable to take up with the sample of sediment only a single drop of the, fluid, so that when this sample is transferred to the microscope slip it may be kept together under a carefully lowered cover-glass. The specimen is then systematically searched through, beginning at one side of the cover-glass and working regularly up and down till the whole field has been carefully examined, at first with a 2-in. objective, or concurrently with that and a '-in. with No. 6 eyepiece, and all the time using the nose-piece freely, so as to bring the higher power into use when anything like an organism comes into view. This answers well for the detection of torulh, but of course for bacteria only the higher power is of any use.
The light in all cases requires to be most carefully adjusted so as to get the right kind of illumination, and when the organisms are scarce and minute their recognition may be much facilitated by running under the cover-glass a drop of a freshly filtered solution of eosin or of carbo-fuchsin.
CONCLUSION.
There is one difficulty of a general character applicable to all experiments of this order, though not more to mine than to those of previous workers, to which it may be well to make reference here. ' In some experiments made in conjunction with Sir William Ramsay and Dr. A. C. Stevenson, both colourless and yellow solutions were centrifugalized for twelve hours or more in order to get rid of any organisms that the solutions might contain. The tubes charged with these solutions, after having been sealed, were boiled for twenty minutes on three consecutive days. Several of these tubes, which had been in the incubator for over six months, have lately been examined, with the result that they have been found to contain bacteria, torulae, and moulds just as freely as in other similar solutions which had not been centrifugalized.
Many persons find. it more or less impossible to believe that bacteria, torule and simple moulds should be products of the so-called spontaneous generation, and that for two reasons.
In the first place, they are not deemed simple enough to rank as primordial living things. But what has been said on this head by others of late makes it desirable for me to repeat what I have often said before, namely, that new-born living matter, wherever and whenever it appears, must have its. first beginnings as ultra-microscopic particles, which as they grow would at last become recognizable by the aid of the microscope as very minute spherical units.' These may in some cases go on to the formation of micrococci, of bacilli of different kinds, of torulae, or of germs which gradually develop into one of the simplest moulds. When it is said, therefore, that such organisms are not simple enoutgh to be regarded as primordial living things it must not be forgotten that the real primordial formations are ultra-microscopic particles, and whatever the type produced, whether minute formless masses of jelly, like the monera of Haeckel, or blue-green algoid corpuscles, they also would in each case have to commence as ultra-microscopic particles. It seems to me quite possible that in Nature both monera and bluegreen algoid corpuscles may be constantly appearing de novo.2 But that is a mere supposition devoid of all positive evidence, as it must always remain till oomeone may be fortunate enough, whether chemist or biologist, to hit upon such combinations of materials as will, under necessarily restricted experimental conditions, suffice to engender either monera or blue-green algae. For whatever the future researches of chemists may achieve in the way of synthetically building up the bases of protoplasm, when it comes to the demonstration of the production of actual living matter,. they could never convince themselves or the world in general that they had succeeded in their quest till they were able to produce it under such restrictive conditions as I have had to cope with ' When it is said, therefore, that a belief in " sponitaneous generation" would tend to contradict the experience of all mankind, " my reply is that archebiosis may be occurring all around us, and that from its very nature it must be a process lying altogether outside human experience and never likely to come within the actual ken of man" ("The Nature and Origin of Living Matter," 1905, p. 144); while long previous to this, in " The Beginnings of Life," 1872, i, p. 267, I described what I then termed " plastide particles" (rather than "microzymee ") as primordial: particles of living matter " between juuu in. and u in. in diameter "; and at pp. ,293-297 I described the mode in which such particles might be seen to emerge in certain solutions from the region of the invisible and gradually develop into bacteria. 
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in my experiments, that is, within hermetically sealed vessels which with their contents had previously been sterilized. They, like the biologist, would have to eliminate all pre-existing life, and securely guard against contaminations, and what the chemist may then produce as a result of new combinations no one can say, though he is certainly never likely to produce living matter in tangible lumps, as recent vaticinations in regard to what " the chemist is going to do in his laboratory " would seem to intimate. It may be safely affirmed that living matter, like crystalline matter, must always begin from a collocation of its elements, and can then only after a time reveal itself as minutest particles tending.to develop in this or that manner in accordance with the extremely varied nature of the initial molecular combinations; and for our sterilized solutions we can only suppose that the conditions are such as merely to permit of the production of ultra-microscopic particles that slowly in the course of months (rather than in a few days, after the manner of infection by pre-existing organisms) develop into bacteria and torulae, though the latter have the potentiality of growing into simple moulds.'
What real knowledge, however, have we entitling us to come to any definite opinion as to what primordial living things should or should not be like? We know, indeed, that primordial crystals may be either simple or of very complex forms. Rather let us be content carefully to question Nature by way of experiment, and learn jrom her to think less of the other objection to bacteria and torulae being accepted as veritable products of spontaneous generation, that is, simply on the ground that they are well-known forms instead of being something new and strange. This latter one-sided objection, strongly raised by Huxley in 1870 in an address "On the Relations of Penicillium, Torulae aind Bacterium,"2 would necessarily disappear withthe proof of " spontaneous generation," because then it would at last be realized that what took place in the experimental vessels must be much more freely occurring 'As long ago as 1868, M1. A. Trecu,l, an eminent French authority, in an important article entitled " Observations sur la levdre de biere et sur la Mycodermia cerevisic," Compt. Rend., lxvii, pp. 137, 212, 1153 , brought forward very conclusive evidence tending to show that Torulce cerevisice, Mycodena cerevisice, and Penicilliumn, as he says, " ne constituent qu'une seule espece " (since these forms were shown to be mutually convertible), and moreover, that torulae, under the conditions which be described, were constantly arising de novo-showing themselves first as minutest particles. See also the investigations of Hector Grasset (" Etude historique et critique sur les Generations spontan6es et l 'Eeterogenie," 1912, 2nd ed., pp. 157-59) fow further light on these subjects, and a simple means of proving the de novo origin of torulae within the grape. in the world outside, and that the bacteria, torula and moulds, whose appearance is so ubiquitous, must be constantly originating as well as multiplying all around us. We should, moreover, no longer have to postulate the existence everywhere in the atmosphere of inconceivably numerous and varied germs, always ready suitably to tenant every new possibility in the way of site, however unusual it may be.' To meet such requirements the atmosphere ought to present itself as infinitely more crowded with germs of the most varied kinds than it has ever been found to be by the many persons who have most carefully examnined it from this point of view. THE work which has been done with the Wassermann reaction in connexion with the diagnosis of syphilis and the regulation of the treatment thereof prompted us to apply the knowledge gained therefrom in order to ascertain whether parallel results could be obtained in gonococcal systemic infections. Our technique of the complement-fixation test did not depart in any way from the original, but we found it wiser to employ a little stronger solution of complement than is required for the Wassermann reaction owing to the avidity for fixing complement which most bacillary emulsions possess. We also used the patients' *sera diluted 1 in 5 instead of 1 in 10, so as to avoid overlooking a serum which only contained a little antibody.
The antigen being the most important part of the experiment requires special consideration. Only twenty-four to forty-eight hours cultures on freshly prepared ascitic fluid or pleural fluid agar were used. The resulting growth was emulsified in normal saline containing 05 per cent. phenol, and the strength of the emulsion found, by counting against normal blood according to Wright's method. As a rule 300 to 500 million per cubic centimetre were about the limits between
